Topology of catalytic portion of prostaglandin I(2) synthase: identification by molecular modeling-guided site-specific antibodies.
Prostaglandin I(2) synthase (PGIS) is an eicosanoid-synthesizing cytochrome P450, located in the endoplasmic reticulum (ER) membrane. The membrane topology of the catalytic portion of PGIS is still unknown. General models of the membrane topology of microsomal P450s have been proposed in two forms: (a) large part of the polypeptide exposed on the cytoplasmic side with an NH(2)-terminal membrane anchor to the ER membrane and (b) deep immersion of the polypeptide in the membrane, as described by J. P. Miller et al. (1996, Biochemistry 35, 1466-1474). We have characterized the membrane topology of catalytic portion of PGIS using molecular modeling-guided site-specific antibodies. A 3D working model of PGIS was constructed by homology modeling using P450(BM-3) crystal structure as a template (S. K. Shyue et al., 1997, J. Biol. Chem. 272, 3657-3662). Three hydrophilic peptides corresponding to different regions of the surface portion of PGIS with residues 109-127 (P109-127), 353-368 (P353-368), and 411-431 (P411-431) predicted from the model and an NH(2)-terminal hydrophobic peptide (residues 1-28, P1-28) were synthesized and used to prepare site-specific antibodies. All three of the hydrophilic peptide antibodies have high titer and are specifically recognized human PGIS, as shown by binding assays and Western blot analysis. In contrast, the hydrophobic NH(2)-terminal peptide has a much lower titer binding to the PGIS protein. The overall arrangement of the PGIS polypeptide with respect to the endoplasmic reticulum (ER) membrane was examined by immunocytochemistry techniques in transiently transfected COS-1 cells with recombinant human PGIS cDNA and in ECV cells expressing endogenous PGIS. The immunofluorescence staining for the cells with selective permeabilization of the plasma membrane using streptolysin O indicated that all three of the hydrophilic peptide antibodies bound to the cytoplasmic surface of the ER membrane. These results provide direct experimental evidence supporting the predicted 3D protein topological model in which the segments are located on the protein surface and the membrane topological model in which PGIS is largely exposed on the cytoplasmic side of the ER membrane. It also led us to conclude that the PGIS substrate, prostaglandin H(2) (PGH(2)), produced by prostaglandin H(2) synthase (PGHS) in the ER lumenal side must pass through the ER membrane barrier to the catalytic site of the PGIS in the cytoplasmic side of the ER membrane.